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Abstract: The Portland metropolitan area has been a progressive region in terms of urban 
planning since its first establishment of urban growth boundary in 1979. While many research 
projects focused on the relationship between urban growth boundary and housing prices in the 
Portland metropolitan area, few explored whether the boundary expansion is effective or not to 
restrain the rapid rise in housing prices. This project examines the impacts of important factors, 
including the expansion of urban growth boundary, on the housing market in the Portland 
metropolitan area. Using time-series data from 1975 to 2018, this analysis finds no relationship 
between boundary expansion and home prices. Instead, home prices are significantly affected by 
population, employment, income per capita and mortgage interest rate. Understanding these 
relationships will help policymakers make effective strategies and policies to address housing 
affordability issues not only in the Portland metropolitan area but also in other places with urban 
growth boundaries. 
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1 Introduction 
An Urban Growth Boundary (UGB), also referred to as a greenbelt in other countries, is a growth 
management tool in the U.S. that identifies urbanizable areas for urban growth and rural areas for 
natural preservation or agricultural purposes. It is part of the urban containment programs that 
attempt to curb urban sprawl, protect environmentally sensitive areas, and preserve farmland and 
habitats (Easley, 1992; Johnson, 2001). So far, many states, counties, and cities in the U.S. have 
implemented UGBs to guide their zonings and regulate land uses. 
 
In the past few decades, discussion about UGBs has come to focus on its impacts on housing 
affordability rather than its advantages on environmental protection. This has emerged as a 
regular talking point for local officials, residents, and researchers, especially as it relates to 
housing and land markets. Given the fact that land price is a significant portion of the cost of 
housing, conventional wisdom holds that UGBs will spike up local land prices, particularly those 
near the boundaries, and thus housing prices by limiting the amount of developable land in a 
region (Black & Hoben, 1985; Knaap, 1985; Nelson, 1986; Brueckner, 1990; Wu & Cho, 2007). 
Some critics of urban containment policies claim that UGBs in many cities have slowed down 
new construction in urban areas and created unstable housing markets which arose housing 
prices much faster than elsewhere in the U.S. (Mills, 2002; Quigley & Raphael, 2005; Cho & 
Lambert, 2008). 
 
Nonetheless, conclusions on the impact of UGBs are still open to debate. First, from a theoretical 
perspective, housing and land markets are determined by the interaction with multiple factors 
from the demand side, such as residential density, incomes, employment, interest rates, housing 
preferences, etc., and from the supply side, such as land supply, regulatory restrictions, 
environmental circumstances, ownership characteristics, services, and amenities, etc. (Black & 
Hoben, 1985; Dawkins & Nelson, 2002; Quigley & Rosenthal, 2005; Jun, 2006; Buxton & 
Taylor, 2011). Some earlier studies investigate the potential factors that affect housing and land 
prices in some metropolitan areas with UGBs implemented and find out that rather than the 
restriction of developable land, the growths of population, incomes, and employment are more 
likely to drive up housing and land prices (Phillips & Goodstein, 2000; Ma, 2011). It should be 
noted that factors affecting housing markets are more or less interconnected with each other, and 
that it is difficult to isolate one from the others (Nelson et al., 2002; Gurran et al., 2008), so it is 
arbitrary to conclude that UGBs will exacerbate housing affordability crisis without careful 
inquiry into other factors that might play a role in the markets as well. 
 
Second, critiques on urban containment programs assume that developers are incapable of 
producing more housing units under these policies, which is not true. UGBs only restrict the 
supply of developable land, but not the supply of housing units. It is still very flexible for 
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developers to build new single-family homes on smaller lots or multifamily units with smaller 
floor areas and higher densities, in response to the rising land costs caused by the establishment 
of UGBs (Lorentz & Shaw, 2000; Downs, 2002; Buxton & Taylor, 2011). Besides, urban 
containment programs in many cities are accompanied with policies such as residential infill 
projects and inclusionary housing programs, which encourage compact, intense developments 
within urban areas (Buxton & Taylor, 2011). Through incentivizing developers with density 
bonus and tax exemptions, these proactive housing programs can offer a wide variety of housing 
types and affordable units including duplexes, triplexes and townhouses, which would address 
concerns about housing price appreciation and accommodate future residential needs. Thus, 
UBGs might not necessarily result in construction slowdown or higher housing costs. 
 
Switching focus to similar urban containment policies implemented in different parts of the 
world, the commonality of some findings shows that the impact of UGBs or greenbelts varies 
over time. Some earlier studies find that housing prices in Portland, Oregon did not increase until 
the 1990s, while others observe that the UGB increased land prices but decreased single-family 
home values in King County, Washington between 2004 and 2006 (Downs, 2002; Knaap and 
Nelson, 1992; Nelson et al., 2002; Mathur, 2014). Those facts could be explained by the 
adequate provision of housing units, infrastructure and services during those periods through 
land use and housing policies. Knaap (1985) also refers to the necessity of using time-series data 
instead of cross-section data to further measure the price effects of UGBs on home and land 
values. 
 
Another possible factor that could contribute to the time-varying effect of UGBs or greenbelts on 
housing and land prices is development companies. Governments may distribute adequate land 
for future developments in a region, but development companies often control the timing or 
amount of land for the actual release, which might be strong determinants of land prices 
(Dawkins & Nelson, 2002; Buxton & Taylor, 2011). Phillips and Goodstein (2000) point out that 
the spike of home values in Portland in the 1990s was in some sense attributed to a speculative 
bull market riding on the back of an initial demand surge, and that prevailing perception of a 
UGB-induced land shortage may have helped spur such a speculative wave. Similarly, enough 
land is released to meet future residential needs in the U.K., but home and land prices continue to 
accelerate partly because of speculation (Monk and Whitehead, 1999). In such situations, urban 
containment policies are not the main factors that cause housing price appreciation. 
 
Other research projects focus on the geographical discrepancy of the impact imposed by UGBs. 
Jeon (2019) notes that the release of developable land in the Seoul metropolitan area tends to 
push up housing sale prices and rents in the suburbs rather than in the central city. Buxton and 
Taylor (2011) find that land prices are stable in rural areas outside the UGB in Melbourne while 
the prices of farmland inside the UGB increase, which reflects the land values added from the 
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future conversion of farmland to urbanized land. These results are compatible with the 
conclusion that urban containment policies do not increase home or land prices where land is 
sufficient in a wide number of locations (Glaeser & Ward, 2009).   
 
To summarize, research differed in contexts, data, methodologies, and variables can affect the 
results. For instance, some of the earlies studies rely on survey data of which coverage and frame 
problems can significantly impact data quality (Black & Hoben, 1985), some use a different set 
of variables at different scales which lead to contradictory conclusions (Quigley & Rosenthal, 
2005), others depend on different contexts so that the results might not apply to each other 
(Buxton & Taylor, 2011). It is not surprising to see that some studies conclude UGBs increase 
housing and land prices while others claim little or no impact. 
 
Still, there is no consensus on the impact of UGBs on housing prices. This article seeks to fill the 
gap. Section 2 provides an overview of the study area, UGB history, and the local housing 
market. Section 3 introduces the data and methodologies that are applied in this analysis. Section 
4 presents the result of the correlation analysis and regression analysis. Section 5 discusses the 
impacts of determining factors that contribute to the increase in housing prices in the Portland 
metropolitan area and proposes recommendations to address this issue. This research concludes 
that there is no association between housing prices and the expansion of UGB in the Portland 
metropolitan area. Instead, population, employment, income and mortgage interest rate could 
significantly affect the housing prices. 
 
2 The Study Area:  The Portland Metropolitan Area 
This research focuses on the Portland metropolitan area, also known as Greater Portland or the 
Portland-Vancouver-Hillsboro, OR-WA Metropolitan Statistical Area (MSA). According to the 
definition from the U.S. Office of Management and Budget (OMB), this area consists of 
Clackamas, Columbia, Multnomah, Washington, and Yamhill Counties in Oregon, and Clark and 
Skamania Counties in Washington, totaling 59 cities and unincorporated suburban communities. 
It is the 23rd largest MSA in the United States with an estimated population of 2.4 million in 
2018.1 
 
2.1 History of the Urban Growth Boundary  
In 1973, the Oregon Legislature adopted the nation’s first statewide land use planning law. It 
requires each of the state’s cities and metropolitan areas to establish a UGB to limit the 
 
1 Population data from Social Explorer Tables: ACS 2018 (5-Year Estimates) (SE), ACS 2018 (5-Year Estimates), 
Social Explorer; U.S. Census Bureau. 
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encroachment of urban land upon the agricultural and rural areas and enhance the efficient use of 
land, infrastructure and services inside the boundary. Complying with the state law, a UGB for 
the Portland metropolitan area was proposed in 1977 and implemented in 1979. 
 
The passage of the statewide planning law also paved the way for Metro, a regional governance 
system that currently serves 24 cities and three counties in Oregon. Metro has been responsible 
for managing the Portland metropolitan area’s UGB ever since it was first drawn. This model is 
one of a kind in the U.S. and two reasons could explain it. First, even though the Metro’s 
jurisdictional boundary is a political boundary that differs from the UGB, it reserves the right 
granted by the state law of making UGB decisions over land within the Portland metropolitan 
area, whether it is inside or outside the Metro legal boundary. Second, Metro is the only elected 
regional government in the nation. The Metro Council includes a region-wide elected President, 
and six councilors elected by district every four years via nonpartisan races. Through working 
with a wide range of community leaders and constituents inside Metro jurisdiction, this regional 
government is capable of coordinating the allocation of resources (e.g., public facilities,  
transportation, etc.), remaining a high level of collective governance, and taking care of what is 
the best interest in the region as a whole (Berg, 2012). 
 
 
Figure 1 Urban Growth Boundary (UGB) History, Portland Metro Region, Oregon 
Data source: Metro Data Resource Center © Oregon Metro 
 
One of the major goals for Metro is to maintain a twenty-year supply of land within the boundary 
that can fulfill the needs of future growth. Metro is therefore required by the state law to conduct 
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a review of the capacity of existing developable land every six years to see if it can 
accommodate the projected population and employment in the next 20 years. If the existing land 
inside the boundary is not enough to accommodate more growth, measures aimed at enhancing 
the efficiency of land including upzoning, infill development and redevelopment of brownfields 
are the first choices that the Metro Council and local governments would take into consideration. 
Only after these measures are taken and there remains a need for additional developable land to 
accommodate the 20-year growth will the Metro Council consider boundary expansions. So far, 
the UGB in the Portland metropolitan area has been expanded around 35 times since it was first 
drawn (see Figure 1). 
 
2.2 Current Housing Market in Portland Metropolitan Area 
The Portland metropolitan area is home to around 2.4 million people, which makes it the seventh 
largest metropolitan area in the West. Between 1996 to 2019, the average single-family home 
value in the Portland metropolitan area has increased substantially by 280%, a rate much faster 
than the national average. According to the latest real estate data released from Zillow, the 
average single-family home value in the Portland metropolitan area was $419,558 in December 
2019, 73% higher than the national average, which indicated that home prices in this area 
surpassed most of the regions in the United States. In fact, the Portland metropolitan area 
remains the cheapest among major metropolitan areas on the West coast to buy a house (see 
Figure 2). Places like San Jose and San Francisco metropolitan areas have much higher home 
values than any other MSAs in the West. 
 
 
Figure 2 Mean Single-Family Home Value by MSA in the West Coast, 12-2019 
Data source: Zillow 
 
Nonetheless, the current trends show that the housing market in the Portland metropolitan area is 
$0 $500,000 $1,000,000 $1,500,000
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San Jose-Sunnyvale-Santa Clara, CA
Mean Single-Family Home Value by MSA, 12-2019
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cooling off started in 2018 due to the slowdown in home-price gains. Regardless, the regional 
housing market is still tight and competitive, which is partly because of the limited supply of 
properties. Also, the booming tech sector in this region leads to the growing job market and 
rising incomes, which both are powering its regional housing market (Santarelli, 2020). 
 
Twelve metropolitan areas with similar population sizes were selected from the West to compare 
their housing price trends (see Table 1). Of the 12 metropolitan areas, six are implemented with 
UGBs while the other six are not. The housing price trends will be examined through the housing 
price index (HPI), which is an indicator published by the Federal Housing Finance Agency 
(FHFA) based on Fannie Mae and Freddie Mac mortgages. HPI measures average price changes 
in single-family homes that are sold or refinanced. It should be noted that data for all MSAs are 
normalized to 100 in the first quarter of 1995.  
 
Table 1 Comparable Metropolitan Areas in the West with Population Estimated 
With UGBs Without UGBs 
MSA 
Population 
2018 
MSA 
Population 
2018 
San Jose–Sunnyvale–Santa Clara, CA 1,981,616 Phoenix–Mesa–Scottsdale, AZ 4,673,634 
Boulder, CO 321,030 Sacramento–Roseville, CA 2,291,738 
Denver–Aurora–Lakewood, CO 2,850,221 San Francisco–Oakland–Berkeley, CA 4,673,211 
Urban Honolulu, HI 987,638 San Diego–Chula Vista–Carlsbad, CA 3,302,833 
Portland–Vancouver–Hillsboro, OR 2,417,931 Salt Lake City, UT 1,185,990 
Seattle–Tacoma–Bellevue, WA 3,809,717 Las Vegas–Henderson–Paradise, NV 2,141,574 
Data Source: Social Explorer Tables: ACS 2018 (5-Year Estimates) (SE), ACS 2018 (5-Year Estimates), Social 
Explorer; U.S. Census Bureau. 
 
Figure 3 shows the percent changes in HPIs across the 12 metropolitan areas. Although the pace 
of growth varies significantly, the percent changes in HPIs among the 12 metropolitan areas are 
positive numbers in most of the time, indicating a general upward trend in housing prices. As 
mentioned before, some researchers argue that housing prices in metropolitan areas with UGBs 
rise faster than elsewhere in the nation. As shown in Figure 3, however, the home price growth 
rate among metropolitan areas without UGB reached its peak of 33% around 2004, which was at 
least 13 percentage points higher than those with UGBs during the same period. Hence, housing 
prices in metropolitan areas with UGBs do not necessarily rise faster than elsewhere in the 
nation. 
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Figure 3 All-Transactions House Price Index for MSAs, Percent Change from Year Ago, Annual, Not Seasonally 
Adjusted 
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Data source: U.S. Federal Housing Finance Agency and FRED, Federal Reserve Bank of St. Louis. 
 
To summarize, the housing market in the Portland metropolitan area is one of the most 
competitive real estate markets in the U.S., but it is difficult to conclude that the implementation 
and expansion of the UGB drive up the home prices in this region. After all, MSAs in the West, 
whether it is implemented with a UGB or not, differ in the pace of home price appreciation. 
Rather than urban containment policies, there must be more factors at play. 
 
3 Data and Methodologies 
This research tries to answer two questions: 
• Does the expansion of UGB in the Portland metropolitan area have a significant 
relationship with the housing prices? 
• What other factors contribute to the housing price appreciation in that region?  
 
3.1 Research approach 
The approach used in this analysis is very straightforward, which is to test the statistical 
significance of variables selected from the demand and supply sides, and then to identify the 
factors that are most likely to impact housing prices. Since the nature of data is either interval or 
ratio, the Pearson correlation is used in this analysis. Later, based on the statistical outcome, a 
model to predict single-family home prices will be created and discussed. 
 
3.2 Variable Description  
The dependent variable is simply the mean single-family home price in the Portland metropolitan 
area. Due to the accessibility of data, prices from 1979 to 1995 are collected from Regional 
Multiple Listing Service (RMLS) and prices from 1996 to 2018 are collected from Zillow. 
RMLS and Zillow are both online real estate databases with millions of listings. Home price is 
adjusted for inflation and put into 2018 dollars. 
 
There are four independent variables selected from the demand side: population change, 
employment growth, income per capita and mortgage interest rate. And two independent 
variables capture the changes on the supply side: land expansion and housing permit. 
 
Population change is a social indicator that captures the explicit demand for housing. Data are 
collected from Personal Income, Population, Per Capita Personal Income (CAINC1), Bureau of 
Economic Analysis, U.S. Department of Commerce.  
 
Employment growth is an economic indicator that captures the total amount of jobs available in 
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the Portland metropolitan area. Data are collected from Quarterly Census of Employment and 
Wages (QCEW), U.S. Bureau of Labor Statistics. It should be noted that data for the year 1979 
to 1989 are based on the Standard Industrial Classification (SIC) codes while data for 1990 to 
2018 are based on the North American Industry Classification System (NAICS). All the data are 
crosswalked to correspond to the MSA level. Both the population and employment variables are 
important indicators in this analysis. This also accords to Metro’s claim that the expansion of 
UGBs is based on the future residential needs created by the projected population and 
employment.  
 
Income per capita is an economic indicator that measures a consumer’s ability to purchase 
certain quantities of goods and services such as houses. Data are also collected from Quarterly 
Census of Employment and Wages (QCEW), U.S. Bureau of Labor Statistics. It is adjusted for 
inflation and put into 2018 dollars in this analysis.  
 
Mortgage interest rate is another economic indicator that measures the available amount of 
money to borrow. To some extent, it reflects the activity of real estate investment and 
speculation. Data are gathered from Terms on Conventional Single-Family Mortgages by 
Selected Large Metropolitan Area, Federal Housing Finance Agency. 
 
Many earlier studies use a UGB dummy, which is equal to one if a place is located inside the 
UGB or zero if not, as an indicator of the land use regulation (Downs, 2002; Jun, 2006; Cho et 
al., 2008; Ma, 2011). In this analysis, however, land expansion is used as a UGB-related 
indicator to captures the land supply. It is the percentage of the amount of developable land 
released from the UGB in a year over the total land area of the Portland metropolitan area. Data 
are gathered from UGB History, RLIS Discovery, Metro. 
 
Housing permit measures the number of new privately-owned single-family houses that are 
legally allowed to build in a year. Data are collected from New Private Housing Units 
Authorized by Building Permits: 1-Unit Structures for Portland-Vancouver-Hillsboro, OR-WA 
(MSA), U.S. Census Bureau. 
 
A year of fast growth dummy is introduced as a time-varying variable in this analysis. It captures 
the effect of the national economic trends or policies on housing prices in the Portland 
metropolitan area at a macro level. It is equal to one when the house price in the Portland 
metropolitan area grows faster than the national average in a year, otherwise, it is equal to zero. 
Percent change of annual HPI data is collected from All-Transactions House Price Index, U.S. 
Federal Housing Finance Agency and FRED, Federal Reserve Bank of St. Louis. 
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4 Results  
4.1 Correlation Analysis 
The first column in Table 2 shows the outcome of correlations between the dependent variable 
and independent variables. Land expansion (R=0.02, p>0.01), housing permit (R=0.17, p>0.01) 
and the year of fast growth dummy (R=0.17, p>0.01) are not statistically significant to mean 
single-family home price, which means that there is no association among these variables. 
Moreover, the correlation coefficients of land expansion, housing permit and the year of fast 
growth dummy are close to 0, suggesting weak linear relationships among these variables.  
 
Meanwhile, population change (R=0.89, p<0.01), employment growth (R=0.90, p<0.01), income 
per capita (R=0.87, p<0.01) and mortgage interest rate (R=-0.75, p<0.01) are statistically 
significant to the mean single-family home price, which means that there are correlations 
between the mean single-family home price and population change, employment growth, income 
per capita, mortgage interest rate. Specifically, the correlation coefficient of the mortgage 
interest rate is close to -1, suggesting a strong and negative linear relationship between the mean 
single-family home price and mortgage interest rate. The correlation coefficients of population 
change, employment growth and income per capita are close to 1, suggesting strong and positive 
linear relationships between the mean single-family home price and population change, 
employment growth and income per capita. 
 
It should be noted that Table 2 and Figure 4 also show the correlations among the independent 
variables being studied. Independent variables like population change, employment growth, 
income per capita and mortgage interest rate, are not only statistically significant but also highly 
correlated with each other. This phenomenon could be problematic in the following analysis, due 
to the impact of multicollinearity. Multicollinearity can make it difficult to determine the effect 
of each independent variable on the mean single-family home price in the Portland metropolitan 
area. 
 
11 
 
Table 2 Result of Pearson Correlation 
Variables  
Housing 
Price 
Population 
Employme
nt 
Income per 
Capita 
Mortgage 
Interest 
Rate 
Land 
Expansion 
Housing 
Permit 
Year of Fast 
Growth 
Dummy 
Housing Price 
Pearson's r         
Sig. (2 tailed)         
N (df)         
Population 
Change 
Pearson's r 0.89*        
Sig. (2 tailed) 0.00        
N (df) 44        
Employment 
Growth 
Pearson's r 0.90* 0.98*       
Sig. (2-tailed) 0.00 0.00       
N (df) 44 44       
Income per 
Capita 
Pearson's r 0.87* 0.87* 0.83*      
Sig. (2-tailed) 0.00 0.00 0.00      
N (df) 44 44 44      
Mortgage 
Interest Rate 
Pearson's r  -0.75*  -0.92*  -0.91*  -0.82*     
Sig. (2-tailed) 0.00 0.00 0.00 0.00     
N (df) 41 41 41 41     
Land Expansion 
Pearson's r 0.02 -0.03 -0.02 0.08 0.01    
Sig. (2-tailed) 0.92 0.86 0.91 0.64 0.94    
N (df) 40 40 40 40 40    
Housing Permit 
Pearson's r 0.17 0.09 0.28 0.06 -0.26 0.15   
Sig. (2-tailed) 0.30 0.59 0.09 0.73 0.11 0.36   
N (df) 39 39 39 39 39 39   
Year of Fast 
Growth Dummy 
Pearson's r 0.17 0.08 0.12 0.09 -0.30 -0.14 0.36*  
Sig. (2-tailed) 0.27 0.60 0.45 0.57 0.05 0.40 0.02  
N (df) 44 44 44 44 41 40 39  
Note: * correlation is significant at the o.o5 level (2-tailed).  
Data source: RStudio. 
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Figure 4 Scatterplot Matrix 
Data source: RStudio. 
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4.2 Regression Analysis 
The variance inflation factor (VIF) is a statistical concept that measures the severity of 
multicollinearity in a regression model. A commonly given rule of thumb is that VIFs equal to 1 
are signs of no correlation, VIFs exceeding 5 warrant further investigation, and VIFs exceeding 
10 cause a concern of serious multicollinearity (Hair, 2010). It should be noted that the VIFs in 
this analysis will be larger than 10 if it includes any two or more independent variables from 
population change, employment growth, income per capita and mortgage interest rate in a single 
regression model. To avoid the concern of multicollinearity, it needs to limit the number of these 
variables in a regression model to 1. 
 
The regression models are built in the format of 4 independent variables, which are not 
correlated with each other, and 1 constant. As a result, four regression models are generated in 
total to predict the changes in the mean single-family home price in the Portland metropolitan 
area. The same variables in the four regression models are land expansion, housing permit and 
the year of fast growth dummy, while the different variables are population change, employment 
growth, income per capita and mortgage interest rate. The four regression models are listed as 
the following: 
• Model 1: mean single-family home price = β0 + β1• land expansion + β2• housing permit 
+ β3• year of fast growth dummy + β4• population change 
• Model 2: mean single-family home price = β0 + β1• land expansion + β2• housing permit 
+ β3• year of fast growth dummy + β4• employment growth 
• Model 3: mean single-family home price = β0 + β1• land expansion + β2• housing permit 
+ β3• year of fast growth dummy + β4• income per capita 
• Model 4: mean single-family home price = β0 + β1• land expansion + β2• housing permit 
+ β3• year of fast growth dummy + β4• mortgage interest rate 
Where β0, β1, β2, β3 and β4 are unknown coefficients that are determined through the following 
regression analysis. 
 
Forward selection is performed in this analysis to identify the best-fit regression model. It starts 
with a null model and adds one independent variable in each forward step based on the p-value, 
if a better performing model can be obtained (Gauss et al., 2008; Savorani et al., 2013). Table 3 
presents the result of forward selection in detail. Multicollinearity is not a concern anymore 
because each variable’s VIF in these regression models is close to 1. 
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Table 3 Model Summary Table 
  Parameter Estimate Model Summary 
Model Variable β t-Value Sig. VIF R2  Adjusted R2 F df1 df2 Sig. 
1-1 
β0 -40764.878 -1.737 0.090  
0.794 0.790 162.363 1 42 0.000 
Population Change 0.162 12.742 0.000  
1-2 
β0 -46339.763 -1.971 0.055  
0.804 0.795 84.225 2 41 0.000 Population Change 0.160 12.741 0.000 1.007 
Year of Fast Growth Dummy 14445.296 1.430 0.160 1.007 
1-3 
β0 -87026.968 -2.882 0.007  
0.816 0.801 51.873 3 35 0.000 
Population Change 0.176 11.735 0.000 1.092 
Year of Fast Growth Dummy 1385.413 0.119 0.906 1.248 
Housing Permit 2.154 1.141 0.262 1.153 
1-4 
β0 -89123.378 -2.884 0.007  
0.817 0.796 38.064 4 34 0.000 
Population Change 0.177 11.515 0.000 1.122 
Year of Fast Growth Dummy -487.094 -0.039 0.969 1.406 
Housing Permit 2.384 1.205 0.236 1.237 
Land Expansion -38351.427 -0.446 0.659 1.157 
            
2-1 
β0 5697.434 0.295 0.769  
0.805 0.800 173.335 1 42 0.000 
Employment Growth 0.301 13.166 0.000  
2-2 
β0 -25432.118 -1.097 0.280  
0.836 0.827 91.713 2 36 0.000 Employment Growth 0.351 13.303 0.000 1.082 
Housing Permit -2.081 -1.220 0.230 1.082 
2-3 
β0 -25817.167 -1.098 0.280  
0.836 0.822 59.612 3 35 0.000 
Employment Growth 0.351 13.130 0.000 1.085 
Housing Permit -2.015 -1.157 0.255 1.101 
Land Expansion -21800.947 -0.288 0.775 1.026 
2-4 
β0 -26586.579 -1.081 0.287  
0.836 0.817 43.457 4 34 0.000 Employment Growth 0.352 12.324 0.000 1.205 
Housing Permit -1.931 -1.024 0.313 1.252 
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Land Expansion -25265.768 -0.311 0.758 1.152 
Year of Fast Growth Dummy -1529.261 -0.129 0.898 1.409 
            
3-1 
β0 -456409.249 -7.366 0.000  
0.758 0.752 131.501 1 42 0.000 
Income Per Capita 14.092 11.467 0.000  
3-2 
β0 -452432.663 -8.309 0.000  
0.827 0.818 86.326 2 36 0.000 Income Per Capita 13.701 12.904 0.000 1.003 
Housing Permit 2.904 1.725 0.039 1.003 
3-3 
β0 -440572.503 -8.572 0.000  
0.852 0.839 67.113 3 35 0.000 
Income Per Capita 13.435 13.384 0.000 1.016 
Housing Permit 1.438 0.848 0.402 1.153 
Year of Fast Growth Dummy 24375.877 2.403 0.022 1.166 
3-4 
β0 -443549.543 -8.426 0.000  
0.853 0.835 49.134 4 34 0.000 
Income Per Capita 13.494 13.123 0.000 1.040 
Housing Permit 1.608 0.906 0.371 1.233 
Year of Fast Growth Dummy 23079.068 2.130 0.040 1.298 
Land Expansion -28991.977 -0.376 0.710 1.153 
            
4-1 
β0 396314.488 18.975 0.000  
0.565 0.554 50.699 1 39 0.000 
Mortgage Interest Rate -18112.682 -7.120 0.000  
4-2 
β0 390851.669 15.139 0.000  
0.567 0.544 24.855 2 38 0.000 Mortgage Interest Rate -17810.239 -6.595 0.000 1.102 
Year of Fast Growth Dummy 5859.897 0.368 0.715 1.102 
4-3 
β0 399982.036 11.205 0.000  
0.565 0.528 15.149 3 35 0.000 
Mortgage Interest Rate -18246.189 -6.156 0.000 1.178 
Year of Fast Growth Dummy 5733.714 0.316 0.754 1.267 
Housing Permit -0.843 -2.870 0.776 1.177 
4-4 
β0 399509.975 10.979 0.000  
0.565 0.514 11.047 4 34 0.000 Mortgage Interest Rate -18192.517 -5.995 0.000 1.200 
Year of Fast Growth Dummy 6564.100 0.337 0.738 1.420 
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Housing Permit -0.938 -0.306 0.762 1.246 
Land Expansion 17221.906 0.130 0.897 1.147 
Data source: RStudio.
17 
 
All the independent variables from the demand side – population change, employment growth, 
income per capita and mortgage interest rate – are statistically significant, however, the extent of 
their impact on housing prices differs. Mortgage interest rate has the most significant and 
negative impact on housing prices with coefficients ranged from -17,801 to -18,246, which 
means that every increase of 1 standard deviation in mortgage interest rate, the mean single-
family home price drops by 17,801 to 18,246 standard deviations, ceteris paribus. This huge 
multiplier effect implies a crucial role real estate investment and speculation play on affecting 
the mean single-family home price. Income per capita has the second largest positive impact 
with coefficients ranged from 13 to 14, which means that every increase of 1 standard deviation 
in income per capita, the mean single-family home price drops by 13 to 14 standard deviations, 
ceteris paribus. By contrast, employment growth and population change have minimal positive 
impacts on housing prices with coefficients ranged from 0.16 to 0.35.  
 
Both the independent variables from the supply side – land expansion and housing permit – and 
the dummy variable – the year of fast growth dummy – are not statistically significant in most of 
the models. It is also difficult to summarize the impacts of them since they vary significantly 
across models. 
 
According to the value of adjusted R2, the best-fit regression model is: 
Mean single-family home price = -440572.503 + 1.438• housing permit + 24375.877• year 
of fast growth dummy + 13.435• income per capita 
The adjusted R2 of this model is 0.839, indicating that 83.9% of the variation is explained by the 
variables in this model. 
 
5 Discussion 
5.1 Regression Model 
The regression model reveals the relationships between the mean single-family home price and 
other factors in the Portland metropolitan area. Two factors – income per capita and the year of 
fast growth dummy – are statistically significant. It should be noted that the year of fast growth 
dummy has a much larger coefficient than income per capita in the model, indicating that the 
housing market in the Portland metropolitan area is more easily subject to the impacts of national 
economic trends or local economic policies than the change of income per capita. Even though 
situations like this might also occur in many other regions, this model is only applied to the 
Portland metropolitan area, unless those regions share the same characteristics as the Portland 
metropolitan area. 
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5.2 Land Expansion 
The result of the correlation test reveals no association between the mean single-family home 
price and land expansion. In other words, the expansion of UGB in the Portland metropolitan 
area does not necessarily affect the average housing price in the regionwide. Several reasons 
could explain it. First, the boundary limits the supply of developable land, not the supply of 
housing units. Developers can increase housing supply by constructing more housing units in 
each lot. Second, when Metro expanded the boundary, the municipal governments in the 
Portland metropolitan area created a lot of policies including minimum density requirements and 
inclusionary housing programs to encourage compact development and efficient land use within 
the urban area. These policies can effectively work as a means of mitigating the effect of urban 
containment policies on housing prices. 
 
Switching focus on the submarket, the land expansion might affect the housing prices in areas 
close to the expanding boundary. Since they are the places where the future residential 
developments will occur, another equilibrium point at the submarket will be reached due to the 
additional supply and demand for housing. 
 
5.3 Determining Factors 
5.3.1 Population Change and Employment Growth 
Both population change and employment growth have similarly strong positive relationships 
with the mean single-family home price in the Portland metropolitan area, which means that the 
mean single-family home price increases as population and employment increase. The highest 
correlation coefficients also suggest that these two factors play a vital role in the mean single-
family home price. Essentially, population change and employment growth both capture new 
demand for housing. Given the booming industries in the Portland metropolitan area such as 
high-tech, specialized manufacturing, and the others, the mean single-family home price will 
keep going up if the supply fails to meet the demand. To inhibit price growth in the real estate 
market, the priority is to create more residential units affordable at 60%, 80%, and 120% area 
median income (AMI) so that the region can reestablish its competitive advantage of 
affordability.  
 
In general, population change and employment growth have significant impacts on housing 
prices, but in terms of the submarket, the percentage change of price varies across neighborhoods 
within the Portland metropolitan area. Unfortunately, it is hard to predict in this analysis where 
those newcomers will cluster around. 
  
5.3.2 Income Per Capita 
There is also a strong positive relationship between the mean single-family home price and 
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income per capita, which means that the mean single-family home price increases as income per 
capita increases. As an indicator of individual purchasing power, income per capita is closely 
related to housing affordability and quality.  
 
While providing housing options helps to reestablish the region’s competitive advantage, 
increasing income per capita can attack affordability from another angle. Several strategies 
should be considered. First, increasing the quality of jobs by introducing more high-paid jobs 
should be of great interest to policymakers because they give workers more purchasing power. 
Second, devising and funding education and training programs will be a crucial component of 
maintaining the competitiveness of the local workforce. As tech and manufacturing sectors grow 
in the Portland metropolitan area, there is an increasing skills gap for many current residents. 
Education and training programs can give the local workforce, particularly the low-income 
workers, additional supports, and help them gain more job opportunities and fulfill a career shift. 
 
5.3.3 Mortgage Interest Rate  
There is a strong negative relationship between the mean single-family home price and mortgage 
interest rate, which means that the mean single-family home price increases as the mortgage 
interest rate decreases. As stated before, mortgage interest rate is an indicator of real estate 
investment and speculation. A low mortgage interest rate will encourage speculative behavior 
because investors will gain confidence and buy assets such as housing to achieve their expected 
yields. Particularly in places where housing markets are hot and competitive, investment in 
housing could generate tremendous profits.  
 
Over the past five years, investment giants like Blackstone, Goldman Sachs, Global Land and 
others took advantage of the access to cheap financing and acquired approximately 29,000 
multifamily units and single-family homes with $6.3 billion in the Portland metropolitan area 
(King, 2019). The recent federal policy – opportunity zone program is also harming the local 
affordability under the name of economic revitalization. Through the opportunity zone program, 
investors demolished many affordable units in distressed communities and built new housing at 
an unaffordable rate with borrowed money, which led to displacement and housing price 
appreciation. Withholding a certain amount of residential properties in hand, those private equity 
investors are totally in charge of every step of demolition, reconstruction, renovation, resale (or 
rent), and the timing of release. Thus, the spike of the mean single-family home price in the 
Portland metropolitan area may result from the private sector’s control on housing supply but not 
the public sector’s restriction on land supply. 
 
Consequently, strengthening demolition restrictions and pursuing anti-speculation regulations are 
crucial components of stabilizing the real estate market and maintaining affordability in the 
Portland metropolitan area. Strict criteria for demolition should be made to ensure the supply of 
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affordable housing and avoid further displacement. Regional policies for anti-speculation should 
be established through tax and laws to guarantee the residential nature of housing. 
 
5.3.4 The Year of Fast Growth Dummy 
The effect of the year of fast growth dummy on mean single-family home price is complicated. It 
is not statistically significant in the Pearson correlation but statistically significant in the model. 
The year of fast growth dummy is an indicator of the effect of the national economic trends or 
policies on housing prices. The data displays similar trends on HPIs between the Portland 
metropolitan area and the U.S., particularly after 2000 (see Figure 5). A possible explanation is 
that as the Portland metropolitan area grows, its economic connection and interaction with the 
rest of the country become stronger than ever, and thus the regional housing market is more 
susceptible to the national economic shift. It is therefore fair to conclude that the national 
economy has a limited effect on housing prices in the Portland metropolitan area. 
 
 
Figure 5 All-Transactions House Price Index, Percent Change from Year Ago, Annual, Not Seasonally Adjusted, 
Portland MSA vs United States 
Data source: U.S. Federal Housing Finance Agency and FRED, Federal Reserve Bank of St. Louis. 
 
6 Limitations  
Most of the data in this analysis are collected based on surveys and records to reflect the real 
numbers. However, some data like population change are estimated numbers, of which the 
standard error of the estimate is a problem concerning the accuracy of prediction. Therefore, it is 
better to use the census data, if possible. Moreover, the mean single-family home price data are 
gathered from two data sources – RMLS and Zillow. The variations in the way how RMLS and 
Zillow aggregate and weight their mean single-family home price data are another concern for 
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accuracy. Furthermore, in this analysis, it does not address the autocorrelation issue, which is a 
common problem in time-series data. It could contribute to a high value of adjusted R2 when a 
regression model has low accuracy of prediction. 
 
The sample size in this time-series analysis is not large enough to measure the price effects of 
any of the variables being studied. For future research, more time periods should be included to 
enhance the reliability of the correlations among these variables. Moreover, apart from 
population, employment, income and mortgage interest rate, there must be some potential factors 
that are affecting the single-family home prices as well, such as property tax policy, housing 
preferences, environmental restrictions, public facilities and infrastructure, etc. It is worth 
examining the relationship between the mean single-family home price and these variables in the 
future. 
 
This analysis is conducted at the metropolitan level, and thus it presents a general understanding 
of the housing market in the Portland metropolitan area. However, more dynamics in this 
regional housing market will be disclosed if it is conducted at the census tract or parcel level. For 
instance, by analyzing data at the parcel level, housing prices inside and outside UGBs might 
respond differently to the boundary expansion. 
 
7 Conclusion 
This research examines the relationships between the mean single-family home price and seven 
factors: population change, employment growth, income per capita, mortgage interest rate, land 
expansion, housing permit and the year of fast growth. It uses the Pearson correlation and 
forward selection to approach the results of correlation analysis and regression model. This 
analysis finds no association between the mean single-family home price and the expansion of 
UGB in the Portland metropolitan area. Instead, the home prices respond to market fundamentals 
such as changes in population, employment, income and mortgage interest rate. 
 
For policymakers concerning the lack of housing affordability in the Portland metropolitan area, 
this analysis highlights the view that it is better to focus on mechanisms other than the UGB. 
Although the UGB restricts the supply of land, its ability to affect housing prices is limited. 
Policies that promote the supply of affordable units to catch up with the growth in population, 
employment, income are of great essence to address the affordability issues not only in the 
Portland metropolitan area but also in other places with UGBs.  
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